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Abstract
Background—Children exposed to multiple stressors are more likely to be overweight, but little 
is known about the mechanisms explaining this association.
Purpose—This cross-sectional study examined whether children exposed to multiple stressors 
had higher waist circumference, and whether this association was mediated through children’s 
television time.
Methods—Participants were 319 parent-child dyads. Children were 2–5 years old and had at 
least one overweight parent (BMI ≥ 25 kg/m2). Data were collected at baseline of a larger 
childhood obesity prevention study and included information on psychosocial stressors (e.g., 
parenting stress), demographic stressors (e.g., low income), children’s television time, and 
children’s waist circumference. Two cumulative risk scores were created by summing stressors in 
each domain (demographic and psychosocial). Mediation and moderated mediation analyses were 
conducted.
Results—Indirect effects of both cumulative risk scores on waist circumference through 
television time were not significant; however, moderated mediation analyses found significant 
moderation by gender. The indirect effects of both risk scores on waist circumference through 
television time were significant and positive for girls, but near-zero for boys.
Conclusions—Reducing television time should be explored as a strategy for buffering against 
the negative health effects of exposure to multiple stressors among girls. Longitudinal and 
intervention research is needed to confirm these results, and to identify mediating factors between 
cumulative risk and body weight among boys.
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More than 20% of children ages two to five in the United States are overweight or obese (1). 
Increasing attention is being paid to this age group (2,3), as evidence indicates that being 
overweight in early childhood increases a child’s risk of being an unhealthy weight later in 
life (4,5) and is associated with poor health outcomes and premature death in adulthood 
(6,7). Children’s home and family environments play a critical role in the development of 
obesity. Specifically, research indicates that a variety of psychosocial stressors in a child’s 
environment may increase his or her risk of becoming overweight, including parental stress 
(8–11) and household chaos or a lack of routines (12,13) among others. Additionally, 
children who have parents with certain demographic characteristics (e.g., a parent who is 
unmarried, has lower income, or has lower educational attainment) are also at greater risk 
for being an unhealthy weight (6,12,14).
Researchers typically assess how the aforementioned risk factors influence child outcomes 
independently of, or holding constant, other risk factors. However, risks often co-occur, and 
modeling risk factors independently may fail to capture the ways in which exposure to 
multiple, simultaneous risks affect health and development. For example, the child 
developmental and clinical psychological literatures suggest that some individual stressors 
may have only a marginal impact on behavior or health outcomes, but experiencing multiple 
stressors simultaneously can affect the child in ways a single risk factor did not (15,16). 
Moreover, a large body of evidence indicates that children exposed to several risk factors 
concurrently have significantly worse cognitive, social, and emotional outcomes than 
children exposed to just one risk factor (15). Accordingly, some researchers use ‘cumulative 
risk’ models that account for an accumulation of risks, rather than the presence or strength 
of any particular risk factor holding constant levels of other risk factors, when examining 
how environmental stressors influence childhood outcomes (15–17).
In spite of its potential relevance, very few studies have used the cumulative risk framework 
to study childhood weight outcomes (18–20). There has been even less attention to the 
factors that might mediate associations between cumulative risk and childhood weight, with 
only one study on this question to date: Evans et al. found that children exposed to greater 
cumulative risk at age nine exhibited larger increases in BMI at 13, and that this differential 
increase was mediated through children’s self-regulation abilities (19). To our knowledge, 
there are no other studies that examine the mediators between cumulative risk and weight 
outcomes, despite the potential for mediation analyses to identify potential targets for 
intervention.
The literature also suggests that children exposed to risks in more than one domain have 
worse outcomes than children exposed to risk in only one domain (15). Hence, some 
researchers have advocated for conceptualizing cumulative risk across different domains, 
and suggested several potential candidates for defining these domains of risk (15). In the 
developmental and child psychology literature, one categorization that has proven 
informative is to divide stressors into demographic risks (e.g., poverty, family structure, 
parental socioeconomic status) and psychosocial risks (e.g., parental stress, chaos in the 
home) (15,19,21,22). For example, the aforementioned study by Evans et al. (19) 
conceptualized cumulative risk as the total accumulation of stressors across three domains: 
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sociodemographic (e.g., poverty), physical (e.g., substandard housing), and psychosocial 
(e.g., family turmoil). However, no studies have examined how risks across different 
domains influence young children’s weight outcomes.
The present study addresses these gaps in the literature by examining the association 
between children’s weight outcomes and cumulative risk exposure in two domains. 
Specifically, we examine risk factors in the psychosocial domain (i.e., chaos in the home, 
inconsistent parenting, low parenting sense of competence, parental stress, parental emotion 
dysregulation), and in the demographic domain (i.e., low family income, low parent 
education, parent unmarried/not living with a partner). Risk factors were selected based on 
previous studies linking these or similar factors to a broad range of adverse childhood 
outcomes, as well as evidence to suggest that this particular combination of risk factors may 
elevate the risk for child overweight in particular (9, 18–20, 23–27). We also test one 
potential pathway through which the accumulation of these stressors may impact children’s 
health, asking whether the effect of cumulative risk on weight outcomes is mediated through 
children’s television viewing. Previous research suggests that stressed parents may use 
television to occupy their children (28–30); in turn, TV viewing is known to be positively 
associated with excess weight in children (31). Thus, children in stressed households might 
watch more TV and, in turn, have worse weight outcomes. Because others have found 
differences between boys and girls in how television viewing affects weight outcomes (32–
35), this study also examines the moderating role of sex using a moderated mediation model. 
We hypothesized that both cumulative psychosocial and cumulative demographic risk would 
be positively related to children’s weight outcomes, and that these associations would 
operate, at least in part, through the child’s television viewing. No specific predictions were 
made about how a child’s sex would influence the relationship between television viewing 
and weight outcomes.
Methods
This study used baseline data from the “My Parenting SOS” study (trial number 
NCT00998348), a 35-week obesity prevention intervention trial for families with preschool-
age children (36). Study procedures were approved by the Institutional Review Board at the 
University of North Carolina, Chapel Hill.
Participants and Data Collection
Participants were English-speaking families (n = 319) with at least one child two to five 
years of age and at least one parent or guardian with a body mass index (BMI) greater than 
25 kg/m2 (based on self-reported height and weight). Prior to randomization, parent-child 
dyads attended an in-person measurement event to complete baseline data collection. At 
these events, research staff collected children’s anthropometric measurements using standard 
protocols, and parents completed a series of self-administered questionnaires, providing 
information about their demographic characteristics, parenting practices, and children’s 
television time. At the end of the event, children were fit with an accelerometer to wear for 
one week.
Grummon et al. Page 3
Ann Behav Med. Author manuscript; available in PMC 2018 August 01.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Measures
Anthropometrics—Trained research staff measured children’s standing height, weight, 
waist circumference, and skinfold thickness. Height was measured to the nearest 1/8 inch 
using a Shorr (Olney, MD) or Seca (Columbia, MD) measuring board. Weight was measured 
to the nearest 0.1 lb using a Seca 770 portable electronic scale (Columbia, MD). Waist 
circumference was measured to the nearest 0.1 cm using a Gulick II measuring tape. Triceps 
and subscapular skinfold thickness was measured to the nearest 1.0 mm using Lange 
calipers (Beta Technology, Inc., Columbia, MD). During measurements, staff recorded the 
child’s sex. These measures, along with parent-reported birthdate of the child, were used to 
calculate BMI, BMI percentile, and overweight status (defined as ≥ 85th percentile of BMI 
for age- and sex).
Demographics—Parent demographic questionnaires captured the respondent’s age, race/
ethnicity, relationship to the child (mother, father, grandmother, etc.), educational 
attainment, total household income, and family structure. Due to small cell sizes, race 
responses were collapsed into either white or non-white; the non-white category included 
African American, Asian American/Pacific Islander, Native American, mixed race, other 
race, and Hispanic. Parent sex was derived from the respondent’s self-reported relationship 
to the child. Parents also reported their educational attainment from five categories (less than 
high school, high school or GED, some college or technical school, college graduate, and 
masters/doctoral degree) and total annual household income from three categories (less than 
$25,000; $25,000 to $50,000; and more than $50,000). Family structure was assessed by 
asking parents to indicate whether they were married/living with a partner, single/never 
married, or divorced/separated.
Parenting practices—Parent surveys incorporated several existing questionnaires to 
assess parenting practices. To reflect the psychosocial stressors commonly found to be 
predictors of child outcomes, five scales were extracted for this study: chaos in the home, 
inconsistent parenting, parenting confidence, parental stress, and parental emotion 
dysregulation. Model fit of all scales was examined in the study sample, at times 
necessitating slight modifications to the original scales.
Chaos in the home was measured with the Confusion, Hubbub, and Order Scale (CHAOS) 
(37). The scale consists of 15 true/false items about environmental chaos in the home and 
the use of routines. Responses were coded as 0 or 1, with 1 indicating greater chaos, and 
then summed for a total CHAOS score (possible range 0 to 15; Cronbach’s alpha = 0.82).
Inconsistent parenting was assessed with a scale from the Alabama Parenting Questionnaire 
– Preschool Revision (APQ-PR) (38). Items ask respondents to indicate how often (1–5, 
“never” to “always”) they typically engage in various parenting behaviors. The inconsistent 
parenting scale includes eight items such as, “The punishments you give your child depend 
on your mood.” Responses were summed to create a score for inconsistent parenting (range 
8 to 40; Cronbach’s alpha = 0.79).
Parenting confidence was assessed with the Parenting Sense of Competence (PSOC) scale 
(39). This scale includes items related to parenting self-efficacy (e.g., “Being a parent is 
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manageable, and any problems are easily solved”) and parenting satisfaction (e.g., ”Even 
though being a parent could be rewarding, I am frustrated now while my child is at his/her 
present age”). Responses were coded as 1 to 6 (“strongly disagree” to “strongly agree”), 
with reverse coding as appropriate. One item (“Being a parent makes me tense and anxious”) 
from the original scale was eliminated following the factor analysis. The remaining 15 items 
were summed to create a total parenting confidence score (range 15 to 90; Cronbach’s alpha 
= 0.85).
Parental stress was assessed using the Parenting Stress Index Short Form (PSI-SF) (40). The 
PSI-SF examines general parental distress, dysfunction in the parent-child relationship, and 
the respondents’ perception that they have a difficult-to-manage child. For example, 
respondents rate their agreement (1–5, “strongly disagree” to “strongly agree”) with 
statements such as “I often have the feeling that I cannot handle things very well.” Scores on 
the 36 items were summed to create a total score (range 36–180; Cronbach’s alpha = 0.93).
Finally, parental emotion dysregulation was assessed with the Difficulty in Emotion 
Regulation Scale (DERS) (41). For this scale, respondents indicate how often 36 statements 
apply to their life (1–5, ”almost never” to “almost always”). Scores on six domains (non-
acceptance of emotional responses, difficulty engaging in goal-directed behavior, difficulty 
controlling impulses, lack of emotional awareness, limited access to emotion regulation 
strategies, and lack of emotional clarity) were summed to create the DERS total score (range 
36–180; Cronbach’s alpha = 0.95).
Television viewing—Parent surveys included two items about their children’s television 
viewing habits. Following previous work (see [42] for a review), parents reported TV time 
separately for weekdays vs. weekends, answering two items regarding the total number of 
hours of television their child watched during the last five weekdays and during the last two 
weekend days. These variables were used to calculate average hours of TV viewing per day 
across the entire week. Values greater than 16 hours per day were deemed implausible (i.e., 
more than the number of hours most children are awake in a day) and, in the two cases in 
which this occurred (<1% of sample), responses were recoded as missing. Similar measures 
of television viewing time have been found in previous studies to be sufficiently reliable (42) 
and to be correlated with objective measures of TV time (e.g., videotaped observations of 
children’s television viewing; 43) and with viewing diaries (44).
Physical activity—Child physical activity was assessed using ActiGraph GT3X 
accelerometers (Fort Walton Beach, FL) programmed with a 15-second epoch. Children 
wore the monitors over the right hip for seven consecutive days during waking hours, except 
when in water. Children’s time in sedentary and moderate-to-vigorous physical activity was 
calculated using the cut-points developed by Evenson et al. (45).
Plan of Analysis
Following a common approach to calculating cumulative risk scores (15), we dichotomized 
all risk variables as present/absent. Clinical/standardized cutoffs were available for two 
scales: parenting confidence, for which we used an existing cut point (adjusted to reflect our 
use of 15 instead of 16 items) of 47 or lower to indicate low parenting confidence (46); and 
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parenting stress, for which we used Abidin’s (38) cutoff of 90 or greater for ‘high’ parental 
stress. The remaining three psychosocial risk factors (chaos in the home, inconsistent 
parenting, and parental emotion dysregulation) have no published standardized cutoffs; for 
these variables, we followed previous literature (16,19,25,47) by applying quartile cut 
points. Specifically, observations were coded as “high risk” if they were in the top quartile of 
chaos in the home (CHAOS score ≥ 7.0), frequency of inconsistent parenting (inconsistent 
parenting score ≥ 20.0), and parental emotion dysregulation (DERS score ≥ 81.0). Variables 
incorporated into the demographic risk score included income, educational attainment, and 
marital status. Following others (19,20,23,25), we coded being unmarried or not living with 
a partner as ‘high risk.’ We coded as ‘high risk’ families with income less than $50,000, 
which reflects those living below the median income for the geographic area from which the 
sample was drawn (48). Finally, we considered those with educational attainment of ‘some 
college’ or less as having ‘low education,’ as this reflected approximately the lowest quartile 
in educational attainment in the sample (22.9% reported some college or less).
Analyses were conducted in SAS Version 9.4 (SAS, Cary, NC). Descriptive statistics were 
run for individual items, derived scales, anthropometrics, and physical activity. No items or 
constructed scales had more than 5% of cases with missing data, with the exception of 
accelerometer measures, which were missing from approximately 12% (n = 41) of cases. To 
avoid a loss of power, physical activity and sedentary time were only included in sensitivity 
analyses (see below). We used multiple regression and mediation analyses to examine the 
relationship between cumulative risk scores, television viewing, and waist circumference. 
We used standard diagnostic procedures (e.g., examining plots of residuals, examining 
bivariate correlations, estimating variance inflation factors) to check regression assumptions 
(e.g., linearity, homoscedasticity, multicollinearity) and did not identify any violations. 
Models included both risk scores simultaneously. We also examined an interaction term 
between the two risk scores, but found no evidence of interaction, and thus final models did 
not retain this term. Child’s age and sex and parent’s age, race/ethnicity, and sex were 
controlled in all models.
Analyses proceeded in several steps. First, we used multivariate regression to examine 
whether either of the two cumulative risk scores (psychosocial risk and demographic risk) 
were related to waist circumference. We also examined the possibility that a single risk 
factor could drive the relationships between the cumulative risk scores and waist 
circumference by estimating regression models in which each risk factor was entered as a 
separate variable (rather than as part of the cumulative risk score) and modeled as a 
continuous variable when appropriate (i.e., using scale scores rather than dichotomized risk 
factors).
Next, we estimated mediation and moderated mediation models using the PROCESS macro 
for SAS (49). As described in detail elsewhere (49), methodologists now suggest that rather 
than relying on the ‘causal steps’ approach (50), researchers test mediation hypotheses by 
estimating the size of the indirect association using a set of regressions, and evaluating the 
statistical significance of the indirect association using bootstrapped confidence intervals. 
The indirect association between cumulative risk and waist circumference through television 
viewing is quantified as the product of the effect of cumulative risk on television viewing (a 
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in Figure 1, both panels) and the effect of television viewing on waist circumference, 
controlling for cumulative risk (b in Figure 1, both panels). The indirect effect (a*b) is 
considered statistically significantly different from zero if the bootstrapped confidence 
interval for the product a*b does not contain zero. To examine indirect associations, we used 
model 4 in PROCESS with bias-corrected bootstrapped confidence intervals using 5,000 
repetitions.
Finally, we examined whether the relationship between television viewing and waist 
circumference was moderated by child’s sex. To test for moderation, we regressed waist 
circumference on cumulative risk, television time, covariates (including child’s sex), and an 
interaction between television viewing and child’s sex. The interaction term allowed the 
effect of television time on waist circumference to vary with child’s sex. Next, we estimated 
a moderated mediation model using PROCESS model 14 to examine whether the indirect 
effect of cumulative risk on waist circumference through television viewing was 
significantly moderated by child’s sex. We computed the conditional indirect effects and 
simple slopes at each level of the moderator (i.e., for girls and for boys) using PROCESS 
and PROC GLM, respectively.
We ran four sensitivity analyses to check the robustness of the results. First, several of our 
risk factors lacked standardized or clinical cutoffs to establish who was at “high risk.” In 
these cases, we assigned risk scores using statistical cutoffs (e.g., riskiest quartile was 
assigned to “high risk” category) or logical thresholds (e.g., children with an unmarried 
parent were assigned to “high risk” category). To examine whether results were sensitive to 
using these particular cut-points to assign risk scores, we created revised ordinal cumulative 
psychosocial and demographic risk scores using alternative thresholds to dichotomize each 
risk factor. Specifically, we used tertile cutoffs (i.e., riskiest one-third of the sample assigned 
to the “high risk” category) for the risk factors for which we initially used quartile cut-points 
(CHAOS, inconsistent parenting, parenting sense of competence, parenting stress, and 
emotion dysregulation), an alternative definition of low-income (<$25,000/year in annual 
household income, instead of <$50,000 in the initial specification), and an alternative 
specification of low educational attainment (high school degree or less, compared to some 
college or less in the initial specification). We then re-ran the mediation and moderated 
mediation models using these alternative cut points for creating the ordinal cumulative 
psychosocial and cumulative demographic risk scores. Second, we repeated the original 
mediation and moderated mediation analyses after including children’s sedentary time and 
moderate-to-vigorous physical activity time as covariates. Third, we repeated the original 
mediation and moderated mediation analysis, using the original cut points for risk scores, 
but this time examining children’s BMI percentile instead of waist circumference as the 
outcome variable.
Additionally, while there is a long tradition in the cumulative risk literature of dichotomizing 
risk factors and summing these dichotomous variables to produce an ordinal cumulative risk 
score and using this ordinal variable in regression analysis, there are also drawbacks to this 
approach, and some recommend specifying continuously-scaled cumulative risk scores when 
possible (24). Thus, in our fourth sensitivity analysis, we conducted the mediation and 
moderated mediation analyses with waist circumference as the outcome and using 
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continuously-scaled composite risk scores (rather than ordinal cumulative risk scores) as the 
key independent variables. We created the composite cumulative psychosocial risk scores by 
standardizing responses on the five psychosocial risk variables and summing these z-scores. 
Our composite cumulative demographic risk variable follows Fiese and colleagues (20) in 
assigning a score of +1 to those who are unmarried (indicating higher risk) and -1 to those 
who are married, and sums this value with standardized scores for the household income and 
educational attainment variables.
Results
Sample Characteristics
A total of 319 parent-child dyads provided data. About 13.8% of the sample (n=44) had 
missing data on one or more items and were dropped from analysis to allow for consistent 
samples across models. Children were, on average, 42.27 months old (SD = 9.85) (Table 1). 
About half (49.09%) of child participants were female, while 93.1% parent participants were 
female. About half of parents (52.36%) self-identified as white; the remaining 47.64% 
identified as non-white. Of those who identified as non-white (n = 131), 81.68% (n = 107) 
identified as Black or African American, 6.87% (n = 9) identified as Asian American/Pacific 
Islander, 2.29% (n = 3) identified as Native American, 7.63% (n = 10) identified as mixed 
race, and 1.53% (n = 2) identified as ‘Other’ (data not shown in Table). Parents had an 
average age of 34.96 years (SD = 6.02). About two-fifths of parent respondents had 
completed a college degree (42.91%), with another 34.18% completing an advanced degree. 
About 12.00% of families earned $25,000 or less per year, and another 24.00% had total 
annual household incomes between $25,000 and $50,000. Just over three-quarters (78.18%) 
were married or living with a partner.
Risk Scores
Children were exposed to an average of 1.29 psychosocial risk factors (SD =1.49; range 0–
6) (Table 2). About one-fifth (21.45%) of children were exposed to one psychosocial risk 
factor, 17.09% to two risk factors, 10.91% to three risk factors, and 8.36% to 4 or more risk 
factors. On average, children experienced 0.81 demographic risk factors (SD = 1.05, range 
0–3). Over half (56.00%) of the sample was exposed to no demographic risk factors. 
However, there was still sufficient variability in cumulative demographic risk, with 18.18% 
being exposed to one risk factor, 14.91% to two risk factors, and 10.91% to three risk 
factors.
Cumulative Risk Exposure and Waist Circumference
Regression analyses indicated that a child’s exposure to cumulative psychosocial risk was 
positively but not significantly related to their waist circumference (unstandardized 
coefficient = 0.17, p = 0.28; c in Figure 1, top panel), while cumulative demographic risk did 
not show a strong relationship (unstandardized coefficient = −0.04, p = 0.86; c in Figure 1, 
bottom panel). The only covariate from this model significantly related to waist 
circumference was child’s age (unstandardized coefficient = 0.14, p <0.001). In the 
regression models with each risk factor entered separately, no individual risk factor 
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explained a significant portion of the variance in waist circumference (all p’s > 0.10; results 
not shown).
Mediating Effect of Television Viewing
In the simple mediation model, we found that children exposed to more psychosocial risk 
factors tended to watch more hours of television per day (unstandardized coefficient = 0.16, 
p = 0.02; a in Figure 1, top panel). Similarly, children exposed to more demographic risk 
factors also watched more hours of television per day (unstandardized coefficient = 0.33, p = 
0.001, a in Figure 1, bottom panel). In turn, children who watched more hours of television 
per day had higher waist circumferences (unstandardized coefficient = 0.19, b in Figure 1, 
both panels), though this relationship did not reach statistical significance (p = 0.17). The 
product of these two paths, a*b, is the indirect effect of cumulative risk on waist 
circumference through television viewing. For cumulative psychosocial risk, this indirect 
effect was 0.16 * 0.19 = 0.030 and was not significantly different from zero at the 95% 
confidence level (95% CI: −0.005, 0.097). A child exposed to one additional psychosocial 
risk factor would be predicted to watch an additional 0.16 hours of television per day, which 
in turn is predicted to increase waist circumference by 0.030 cm. For cumulative 
demographic risk, the indirect effect was 0.33 * 0.19 = 0.063 and was again was not 
significantly different from zero (95% CI: −0.013, 0.166). A child with one additional 
demographic risk factor is predicted to watch an average of 0.33 additional hours of 
television a day, which in turn is predicted to increase the child’s waist circumference by 
0.063 cm.
Moderating Role of Sex
Child’s sex significantly moderated the relationship between TV viewing and waist 
circumference (unstandardized coefficient on the interaction term = 0.65, p = 0.03). For 
girls, watching an additional hour of television is expected to increase waist circumference 
by 0.66 cm (p = 0.009; bgirls in Figure 1, both panels), while for boys, an additional hour of 
television is associated with a near-zero increase in waist circumference (0.01 cm, p = 0.95, 
bboys in Figure 1, both panels) (coefficients were estimated using PROC GLM as βTV + 
βTV*family = 0.0098 + 0.6482*female; where female is coded as 1 for girls and 0 for boys).
Additionally, moderated mediation analyses indicated that the indirect association a*b was 
moderated by the child’s sex. Hayes’s Index of Moderated Mediation (51), which reflects 
the difference between the indirect effect for girls and the indirect effect for boys, was 
significantly different from zero for both cumulative psychosocial risk (Index = 0.11; 95% 
CI: 0.02, 0.28) and cumulative demographic risk (Index = 0.21, 95% CI: 0.03, 0.49). 
Quantifying the indirect effects (a*b) for each sex also revealed the conditional nature of 
these associations. For girls, the indirect effect of cumulative psychosocial risk on waist 
circumference through television time was positive and statistically significant (point 
estimate: 0.11, 95% CI: 0.02, 0.28); for boys, the effect was close to zero and not 
statistically significant (point estimate: 0.002, 95% CI: −0.07, 0.05). Likewise, the indirect 
effect of cumulative demographic risk was positive and significant for girls (point estimate: 
0.21; 95% CI: 0.06, 0.47), but non-significant for boys (point estimate: 0.003; 95% CI: 
−0.15, 0.08).
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Sensitivity Analyses
All four sensitivity analyses confirmed the pattern of results (see Supplemental Tables 1–4 
for detailed results). In the first sensitivity analysis using alternative thresholds for 
dichotomizing risk variables, we found a significant positive indirect effect of the cumulative 
risk scores through television time on waist circumference for girls (indicated by positive 
point estimates for both psychosocial and demographic risk variables and 95% CI’s that did 
not contain 0), and non-significant indirect effects for boys (indicated by 95% CI’s crossing 
0). Likewise, in the second sensitivity analysis, we obtained similar results (positive and 
statistically significant indirect effects for girls for both psychosocial and demographic 
cumulative risk scores, and non-significant indirect effects for boys) when controlling for 
children’s sedentary time and moderate-to-vigorous physical activity time. We again found 
this pattern of results in the third sensitivity analysis using children’s BMI percentile as the 
outcome variable in place of waist circumference. Finally, when examining the cumulative 
risk scores as continuous rather than ordinal variables, we again found a positive and 
statistically significant indirect effects of both risk variables on waist circumference through 
television time for girls, but nearly zero and non-significant indirect effects among boys.
Discussion
Findings revealed that cumulative exposure to multiple risk factors in the psychosocial 
domain was positively (though not significantly) related to child waist circumference, while 
risks in the demographic domain were not strongly directly related to waist circumference. 
Our finding of a positive relationship between psychosocial risk and waist circumference is 
consistent with the handful of existing studies examining exposure to multiple risk factors 
and child weight outcomes (18–20). Our study extends these previous findings by 
investigating cumulative risk in very young children. To our knowledge, no other studies 
have examined childhood weight outcomes and cumulative demographic risk independently 
of other risk domains. We are also among the first to examine potential mechanisms linking 
cumulative risk to waist circumference. In the moderated mediation analyses, we found that 
children’s television time, a modifiable behavior, was a significant mediator of the 
relationship between cumulative risk exposure and child’s waist circumference among girls.
There are several mechanisms through which watching more television might be linked to 
excess weight. Some hypothesize that viewing television while eating may distract children 
from physiological satiety cues that would normally help them regulate their food intake; 
lack of attention to satiety cues may, in turn, increase caloric consumption (31). Others note 
that television viewing exposes children to more food advertisements, which increases 
children’s demand for these (typically unhealthy) food items. For example, longitudinal 
mediation studies have found that watching more television is associated with greater 
increases in BMI in part via increased consumption of the unhealthy foods commonly 
advertised on television (52).
Our moderated mediation analyses also revealed moderation by sex. Specifically, increased 
television time was significantly associated with higher waist circumference in girls only; 
for boys, the relationship was close to zero and not significant. In moderated mediation 
models, the indirect effects of both cumulative risk scores on waist circumference through 
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television time were also conditional on the child’s sex. Others have examined sex as a 
moderator for the relationship between television time and weight, with some studies finding 
that television time is more strongly related to weight outcomes in girls than in boys (as ours 
did) (33,34,53), but at least one other study finding a stronger relationship among boys (35). 
It is not clear what accounts for these sex differences. It is possible that the mechanisms 
through which television influences weight operate differently in boys and girls. For 
example, perhaps preschool girls are more distracted by television (and thus less attentive to 
satiety cues) than boys, though this hypothesis has not yet been tested. It is also possible that 
girls and boys are exposed to different amounts or types of ads, or that girls respond 
differently than boys even to the same advertisements. For example, girls may have higher 
neural activation in response to food stimuli (54). Future research should explore the factors 
that might account for the differential relationship by sex between television time and weight 
outcomes. Studies might also examine other forms of screen time, such as using handheld 
devices like smartphones and tablets, particularly as these devices become increasingly 
common (55).
Our findings suggest that for preschool-aged girls experiencing multiple risk factors, 
reducing television time may be a successful obesity prevention strategy. We found that a 
one-hour reduction in television time was associated with a 0.64 cm reduction in waist 
circumference among girls. Television viewing is a modifiable behavior that has been 
successfully targeted by previous obesity prevention interventions (56,57). A benefit of 
using the cumulative risk model is that it can help identify children most in need of such 
interventions. Indeed, in the present study, no individual risk factor explained a significant 
amount of variance in children’s waist circumference. Instead, only the accumulation of 
multiple risks was associated with higher waist circumference, suggesting the 
interventionists must consider cumulative risk to identify children at greatest risk for 
overweight.
In contrast to previous work studying cumulative risk and weight outcomes in children (18–
20), our study used waist circumference, rather than BMI or BMI-based weight categories 
(i.e., overweight/obese vs. healthy weight) as the primary outcome measure. While BMI is 
often used to assess weight outcomes, it does not perfectly detect unhealthy weight status in 
children (58) or adults (59). Additionally, BMI does not capture how fat is distributed in the 
body. Because central adiposity tends to be a better predictor of chronic health conditions 
than peripheral adiposity, some have argued that waist circumference, which helps quantify 
abdominal fatness, may be a more useful public health indicator than BMI (60–63). Previous 
work has indeed found that higher waist circumference is associated with disease risk factors 
and poor health outcomes in both children and adults (64–67). A strength of our study was 
examining this important indicator of unhealthy weight status.
As with all research, this study has limitations. First, we used cross-sectional data, which 
precludes establishing the direction of associations. That said, it may be less likely that child 
waist circumference or television time cause the sociodemographic or psychological risk 
factors we assessed. Still, the link between television time and overweight could plausibly be 
reciprocal: television time might cause children to become overweight, and children who 
become overweight might also choose to watch more television. Longitudinal and 
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intervention studies that help families reduce key stressors would help to clarify the direction 
of the relationships studied here, and have the potential to improve child health outcomes. 
Another limitation is that all dyads in the study were participants in an obesity prevention 
intervention study, and, to be eligible, children needed to have at least one overweight parent 
at home. Having one or more overweight parent is a strong risk factor for childhood 
overweight (68) and, therefore, this eligibility criterion focused the study on an important 
population of children, we cannot say with certainty the results would generalize to children 
with normal weight parents. Third, participants in our sample had a relatively high 
socioeconomic status: more than half had annual household income greater than $50,000 
and three-quarters had a college or advanced degree. As such, similar to our caution 
regarding parent overweight, our findings may not generalize to children raised in more 
socioeconomically diverse and/or lower SES families. That said, many children experienced 
cumulative psychosocial risk factors within this sample, and those that did also tended to 
have higher waist circumference. This highlights the importance of examining and 
intervening on a broad range of risk factors for childhood overweight, including parent- and 
household-level psychosocial risks such as household chaos, negative parenting practices, 
and parental stress, which are likely to vary within and between families regardless of SES.
Several strengths are also worth noting. We obtained objective anthropometric measures, and 
thus avoided the possibility of biased self-reporting of weight outcomes. Our results were 
also highly robust to a variety of sensitivity analyses: the pattern of results was maintained 
when controlling for accelerometer-measured physical activity and sedentary time, when 
using other outcome measures for childhood unhealthy weight, and when using several 
alternative specifications for creating the cumulative risk variables. We are also among the 
first to examine potential mediators between cumulative risk and child health outcomes. This 
information is important to understand as the public health community continues to search 
for new intervention strategies, particularly given that many childhood obesity prevention 
interventions to date have had only modest success (69). Psychosocial stressors and 
television time are both potentially malleable by public health interventions; intervening on 
these factors could help mitigate the negative effects of cumulative risk exposure on 
children’s weight outcomes.
Conclusions
This study suggests that exposure to multiple psychosocial risk factors is positively 
associated with worse weight outcomes in preschool-aged children (though the association is 
only moderate in magnitude), while demographic risk factor exposure is not directly related 
to waist circumference. For girls, the relationship between cumulative risk and waist 
circumference is mediated through time spent watching television. The results suggest that 
researchers and practitioners could benefit from considering the accumulation of risk factors 
when identifying children most vulnerable to excess weight gain. Households experiencing 
multiple psychosocial stressors (e.g., high parental stress, low parental sense of competence, 
high degrees of household chaos) may be particularly important to reach. Interventions will 
likely need to help parents address these stressors as part of any effort to help children 
achieve healthier weight outcomes. Additionally, reducing children’s television time may 
help buffer against the negative effects of these stressors, at least among girls. Future 
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research should clarify whether these are causal relationships, as well as identify what 
accounts for the association between cumulative psychosocial risk and weight outcomes in 
boys.
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Figure 1. 
Indirect effect of cumulative risk on waist circumference through television viewing. This 
figure shows the indirect effect of cumulative psychosocial risk on waist circumference 
through television viewing (top) and of cumulative demographic risk on waist circumference 
through television viewing (bottom). Unstandardized OLS coefficients (with standard errors 
in parentheses) are reported. a is the effect of cumulative risk on television viewing; b is the 
effect of television viewing on waist circumference, controlling for cumulative risk. bgirls 
and bboys indicate the effect of television on waist circumference for girls and boys, 
respectively, when this effect is allowed to vary by child’s sex. c is the effect of cumulative 
risk on waist circumference without including television viewing as a mediator. The dotted 
line and c’ denote the effect of cumulative risk on waist circumference when including 
television viewing as a mediator and allowing the effect of television to vary by child’s sex 
(i.e., a moderated mediation model).
* p<0.05; ** p<0.01.
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Table 1
Sample characteristics (n=275)
N (%) or Mean (SD)
Child Characteristics
Age (months) 42.27 (9.85)
Female 135 (49.09%)
Anthropometrics
   Body mass index (BMI) percentile 58.76 (28.70)
   Overweight or obese (≥85th percentile BMI) 71 (25.82%)
   Waist circumference (cm) 49.79 (3.57)
Parent and Household Characteristics
Female 256 (93.09%)
Age (years) 34.96 (6.02)
Race/ethnicity
   White 144 (52.36%)
   Non-whitea 131 (47.64%)
Educational attainment
   High school or less 12 (4.36%)
   Some college 51 (18.55%)
   College graduate 118 (42.91%)
   More than college 94 (34.18%)
Total household income
   Less than $25,000 33 (12.0%)
   $25,000 to $50,00 66 (24.00%)
   More than $50,000 176 (64.00%)
Family structure
   Married/living with a partner 215 (78.18%)
   Single/never married 41 (14.91%)
   Divorced/separated 19 (6.91%)
a
Includes Black/African American, Hispanic/Latino, Asian American/Pacific Islander, Native American, and Mixed race.
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Table 2
Psychosocial and demographic risk exposure (n =275)
N (%) or Mean (SD)
Psychosocial Risk Exposure
Individual psychosocial risk factor exposure
   Confusion, Hubbub, and Order Scale total score 4.36 (3.32)
   Alabama Parenting Questionnaire Preschool Revision inconsistent parenting subscale 17.34 (4.25)
   Parenting Sense of Competence total score 63.02 (11.69)
   Parenting Stress Index Short Form total score 75.08 (19.74)
   Difficulty in Emotion Regulation Scale total score 67.21 (19.90)
Cumulative psychosocial risk exposure
   Cumulative psychosocial risk score 1.29 (1.49)
   Psychosocial risk factors experienced
     0 116 (42.18%)
     1 59 (21.45%)
     2 47 (17.09%)
     3 30 (10.91%)
     4 or more 23 (8.36%)
Demographic Risk Exposure
Individual demographic risk factor exposure
   Low household income (< 50k/year) 99 (36.00%)
   Low education (some college or less) 63 (22.91%)
   Unmarried / not living with partner 60 (21.82%)
Cumulative demographic risk exposure
   Cumulative demographic risk score 0.81 (1.05)
   Demographic risk factors experienced
     0 154 (56.00%)
     1 50 (18.18%)
     2 41 (14.91%)
     3 30 (10.91%)
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